Induction of protective class I MHC-restricted CTL in mice by a recombinant influenza vaccine in aluminium hydroxide adjuvant.
Induction of class I MHC-restricted cytotoxic T lymphocyte (CTL) responses by soluble proteins or peptides requires complex adjuvants or carrier systems which are not licensed for use with human vaccines. The data presented in this report show that vaccination with a highly purified recombinant influenza protein antigen in aluminium hydroxide adjuvant, the only adjuvant currently licensed for clinical use, elicited class I restricted CTL and protection from lethal challenge with H1N1 and H2N2 viruses. The antigen (D protein, SK&F 106160) is produced by expression of H1N1 influenza virus-derived cDNA (strain A/PR/8/34) in Escherichia coli, and is composed of the first 81 N-terminal amino acids (aa) of the non-structural protein 1 (NS1) fused via a nine nucleotide non-viral linker sequence to the 157 C-terminal aa of the haemagglutinin 2 subunit (HA2). Previous work by Kuwano et al demonstrated that in vitro stimulation of spleen cells from influenza virus-primed mice, with a partially purified preparation of the D protein, selected for CD8+ CTL clones which facilitated lung clearance of H1N1 and H2N2 viruses. In the current study, these results were extended by studying the responses of mice actively immunized with highly purified D protein in the presence or absence of adjuvants. Vaccination of CB6F1 (H-2dxb) mice with D protein in aluminum hydroxide or Freund's complete adjuvant generated H1N1 cross-reactive, H-2d-restricted, CD8+ CTL directed against an immunodominant HA2 epitope (aa 189-199). D protein without adjuvant did not elicit CTL, regardless of the route of injection. However, long-lived (greater than 6 months) splenic memory CTL were elicited by boosting mice intraperitoneally (i.p.) with the D protein in the absence of adjuvant. In mice injected subcutaneously with D protein in aluminium hydroxide at weeks 0 and 3, survival was increased relative to controls up to 16 weeks beyond the second vaccination, after which time additional boosting was required for protection. Studies in H-2b and H-2k mice vaccinated with the D protein showed that induction of CD4+ T-cell or antibody responses, in the absence of CD8+ CTL, did not correlate with protection. Passive transfer of immune sera from CB6F1 mice was also not protective. This prototype H1N1 recombinant subunit vaccine in aluminium adjuvant should directly address the feasibility of achieving a protective cell-mediated immune response in human influenza.